Whole rock samples were crushed in a corundum jaw crusher, and the resulting chips were handpicked to exclude the olivine, pyroxene and spinel xenocrysts. About 100g of the sample was then powdered in an agate ring mill to less than 200 mesh.
Detailed explanation, data sources and modelling parameters for Fig. 3 The CaO versus Ni plot in Fig.3 (A) shows that the carbonates in the carbonatite intrusion trend to high Ni contents, in contrast to limestones. The solid curve is a simple mixing line between limestone and the Hannuoba peridotite (Rudnick et al., 2004) : ticks on curves show 10% increments. Average of peridotites from Hannuoba (Rudnick et al., 2004 ) is shown for comparison. (B) Sr-Nd isotopic compositions of the Hannuoba intrusion (this paper). Aragonite veinlets (this paper), limestone (Keto and Jacobsen, 1988; Veizer et al., 1999) , typical carbonatites (Bühn, 2008; Bell et al., 1982; Bell and Simonetti, 2010; Halama et al., 2008; Hoernle et al., 2002; Hou et al., 2015; Huang et al., 1995; Mitchell, 2005; Mourao et al., 2010) , the Mesozoic carbonatites from Zhuolu (ZL) and Huairen (HR) (Yan et al., 2007) , peridotite and garnet pyroxenite xenoliths (Rudnick et al., 2004; Xu, 2002) , and alkali basalt (Song et al., 1990) from Hannuoba are shown for comparison. Average Sr and Nd contents (Sr=380 ppm; Nd=0.66 ppm) in Silurian, Devonian and Carboniferous limestones from the Inner Mongolia derived from the Paleo-Asian Ocean (Liu, et al. unpublished data) were used in model calculations. Detailed parameters are listed in the table below.
The trend to high Ni contents shown by the carbonates could reflect mixing in of a lower proportion of peridotite (~10%) (Fig. 3A) than that of the trend to high 143 Nd/ 144 Nd (~30%) (Fig.  3B ). This could be attributed to the transfer of Ni from carbonatite melt to newly growth silicate minerals (i.e. clinopyroxene) during carbonatite-peridotite interaction. Moissanite (A and B), Na chloride (C) and graphite (D) coexisting with carbonate in the carbonatite intrusion. Raman shift of moissanite (E) and highly disordered graphite (F) in the carbonatite intrusion. CaO-MgO-SiO 2 diagram of the Hannuoba carbonatite intrusion (red circles). The solid line with crosses is a mixing line showing 10% increments between pure limestone and peridotite. Peridotite xenoliths (Rudnick et al., 2004) and pyroxenite veins (Liu et al., 2005; Xu, 2002) in peridotite xenoliths from Hannuoba, limestone (Armstrong-Altrin et al., 2003; Bellanca et al., 1997; Jin et al., 2009; Klein and Beukes, 1989; Tanaka et al., 2003; Tsikos et al., 2001 ) and typical carbonatites (Bühn, 2008; Bell et al., 1982; Bell and Simonetti, 2010; Halama et al., 2008; Hoernle et al., 2002; Hou et al., 2015; Huang et al., 1995; Mitchell, 2005; Mourao et al., 2010) are shown for comparison. Figure  DR2 ) and alkali basalts from Hannuoba are shown for comparison. Sr isotopic data for limestone are from Veizer et al. (1999) . 
Compositional parameters

Figure DR3
Mg#
Cpx
Plots of Mg# versus CaO and SiO 2 for Ol and Cpx xenocrysts from the Hannuoba carbonatite intrusion, eliminating the possibility that the carbonatite composition could be due to interaction between carbonate and basaltic melt. Data for Ol and Cpx formed by carbonate melt-basalt interaction are from Jolis et al. (2013) . MP = Range of mantle peridotites from the North China Craton (e.g., Rudnick et al., 2004; Xu et al., 2013) . Sr) I comparison between the limestone precursor of the Hannuoba carbonatite and the evolution line of marine carbonates (Veizer, 1985; Veizer et al., 1999) . The intersection points infer that the limestone precursor of the carbonatite intrusion was certainly not older than 580 Ma, and most probably between 360 and 580 Ma. BEBI = Bulk-Earth best initial. Based on the normalization strategy of bulk components as 100%, SiO 2 * is calculated by 100%-the sum of all other major element concentrations expressed as carbonates. 
